Here, we evaluated whether the exposure of rats to a cafeteria diet pre-and/or post-weaning, alters histological characteristics in the White Adipose Tissue (WAT), Brown Adipose Tissue (BAT), and liver of adult male offspring. Female Wistar rats were divided into Control (CTL; fed on standard rodent chow) and Cafeteria (CAF; fed with the cafeteria diet throughout life, including pregnancy and lactation). After birth, only male offspring (F1) were maintained and received the CTL or CAF diets; originating four experimental groups: CTL-CTL F1 ; CTL-CAF F1 ; CAF-CTL F1 ; CAF-CAF F1 . Data of biometrics, metabolic parameters, liver, BAT and WAT histology were assessed and integrated using the Principal Component Analysis (PCA). According to PCA analysis worse metabolic and biometric characteristics in adulthood are associated with the post-weaning CAF diet compared to pre and post weaning CAF diet. Thus, the CTL-CAF F1 group showed obesity, higher deposition of fat in the liver and BAT and high fasting plasma levels of glucose, triglycerides and cholesterol. Interestingly, the association between pre and post-weaning CAF diet attenuated the obesity and improved the plasma levels of glucose and triglycerides compared to CTL-CAF F1 without avoiding the higher lipid accumulation in BAT and in liver, suggesting that the impact of maternal CAF diet is tissue-specific.
INTRODUCTION
Maternal over nutrition during pregnancy and lactation increases the risk of obesity, Metabolic Syndrome (MS) and Type 2 Diabetes (T2D) in the offspring during adulthood (Smith and Ryckman 2015) . These early effects of the nutritional maternal environment on the growth and metabolism of offspring and their long-term impact on health are defined as metabolic programming (Desai et al. 2015 , Sedaghat et al. 2015 , Smith and Ryckman 2015 ; a concept previously established by Barker and colleagues. These authors showed that an adverse fetal environment, followed by an obesogenic diet in postnatal life, may lead to chronic disease in adulthood (Barker 2004) .
Moreover, post-weaning exposure to hypercaloric diet induces the development of obesity, disruption in glucose-insulin homeostasis, dyslipidemia, liver steatosis, and cardiovascular diseases (King et al. 2014 , Mucellini et al. 2014 . As such, experimental obesity can be produced by maternal or post-weaning dietary manipulations. The cafeteria diet (CAF) is a reliable model of dietary obesity in humans, promoting voluntary hyperphagia, body weight gain, exacerbated adipose tissue expansion, hyperglycemia and hyperinsulinemia, and inflammatory processes in the liver and adipose tissue (Sampey et al. 2011 , Mucellini et al. 2014 . Similarly, maternal exposure to CAF diet during gestation and lactation induces higher body weight gain and adipose tissue content as well as metabolic abnormalities, such as hypercholesterolemia, hyperinsulinemia and hyperleptinemia in dams (Mucellini et al. 2014) . Maternal obesity can induce the metabolic programming of offspring in adulthood, culminating in obesity and its associated metabolic disorders (Howie et al. 2009 , White et al. 2009 , Li et al. 2011 , Daniel et al. 2014 , Jacobs et al. 2014 . The epigenetic molecular mechanisms, specifically DNA methylation, explain the relationship between maternal obesity induced by CAF diet and metabolic programming of offspring in adulthood (Masuyama and Hiramatsu 2012) . Therefore, maternal weight during pregnancy is altered methylation patterns in the child's DNA and later infant adiposity (Dunford and Sangster 2017) . Thus, the maternal nutritional state by epigenetic mechanism determines which genes are expressed can enable the developing fetus to adapt to its environment at birth (Masuyama and Hiramatsu 2012, Dunford and Sangster 2017) . In addition, the programmed metabolic phenotype, found in the offspring, could be exacerbated during growth, in particular when offspring are also exposed to a life-long obesogenic diet (Mucellini et al. 2014) . However, while the effects of maternal over nutrition on weight gain and metabolism in offspring, before weaning, are well characterized (Smith and Ryckman 2015, Sedaghat et al. 2015) , their persistent effects on adipose tissue content, glucose tolerance, insulin resistance and liver abnormalities in adulthood are contradictory (Tamashiro et al. 2009 , Akyol et al. 2012 , King et al. 2014 , Mucellini et al. 2014 . Thus, understanding how pre-and post-natal environment interactions affect the growth and development of offspring is fundamental, since the timing of an insult determines which organ or systems will be altered, when obesity occurs and the severity of diseases, later in life (Lukaszewski et al. 2013 , Lee 2015 , Ramírez-Lopes et al. 2015 . As such, some tissues appear to be more vulnerable to nutritional insults during development. Thus, marked programming effects have been observed in White Adipose Tissue (WAT), Brown Adipose Tissue (BAT) and liver (Bringhenti et al. 2015 , Kayser et al. 2015 . Surprisingly, it was recently shown that maternal over nutrition could protect against the deleterious effects of the obesogenic diet during adulthood (Mucellini et al. 2014) . In the present study, we evaluated whether the exposure to a CAF diet, preand post-weaning (alone or combined), modifies the histological characteristics of the WAT, BAT and liver of adult male offspring.
MATERIALS AND METHODS

EXPERIMENTAL METHODS
The Committee on Ethics in Animal Experimentation of the State University of Western Parana approved all experiments (CEUA-10/12/2013). All animals used in this study were housed under controlled room temperature (21±2°C), light (12 h light/dark cycle), and had free access to food and water. The WAT was cut in 2 portions of 0.5 cm in diameter and 0.5 cm thick with the aid of a mold. The liver was sectioned into 3 parts by transverse cuts in its major axis. The BAT was sectioned into 2 parts with cross sections in its major axis. Briefly, dissected tissues were fixed in 10% neutral buffered formalin (Merck, Buenos Aires, Argentina) for 72 h. Dehydration was performed by passing the samples through ethanol solutions of increasing graduation (70, 80, 90 and 100%) , diafanization in xylol and final embedding in paraffin. The tissues were cut into 5-µm sections on a Reichert Jung rotary microtome (Leica RM 2025 Microsystems Inc., Wetzlar, Germany) and Hematoxilin and Eosin (H&E) were used for staining. The slides were photographed using a light microscope (Olympus BX 50), coupled to a digital camera (SAMSUNG SHC-410NAD) using photo Micro 5.6 software. Sections were photographed along their entire length, field to field and the images captured were analyzed using the Image J 1.48v program, which was previously calibrated to 100x and 200x and standardized for the analysis of each image (Corel fed on a cafeteria diet. The CAF diet compositions as well as, the form as CAF diet was offered were adapted from previous studies (Reeves 1997 , Goularte et al. 2012 , Mucellini et al. 2014 . Briefly, the amounts of foods were provided in excess and changed daily, avoiding that animals received the same foods and subsequent days. In addition, soft drink was provided daily. Detailed information about the nutritional value and ingredients of all foods used in this model has been previously published (Goularte et al. 2012 , Mucellini et al. 2014 . At 70 d of age, CTL (n=8) and CAF (n=8) female rats were mated with a control male (n=8) in a harem system (ratio of 2 females to 1 male) during approximately two weeks. In this age female rats that consumed CAF diet were obese compared to CTL female, according previous results published by Sagae et al (2015) . The pregnant females were housed in individual cages until delivery.To maximize lactation performance, after birth, the litter size was adjusted to eight pups per dam. Only male offspring were studied; when the number of male rats was insufficient, females were maintained during lactation phase to complete the number of animals in each litter. After weaning (21 days), these male offspring (F1) were fed with CTL or CAF diets for 11 weeks and were allocated to the groups:
• CTL-CTL F1 , control offspring born from dams that were fed on control diet; • CTL-CAF F1 , cafeteria offspring born from dams that were fed on control diet; • CAF-CTL F1 , control offspring born from dams that were fed on a cafeteria diet; • CAF-CAF F1 , cafeteria offspring born from dams that were fed on a cafeteria diet. Importantly, in all experimental groups the number of animals analyzed was 5-7 rats per group from five different litters. CAROLYNE D.S. SANTOS et al. Draw X7 program). All analyzes were performed by a single observer.
Histological measurements were carried out for each tissue evaluated. Posterior the WAT was photographed at a magnification 100x and the number of adipocyte was performed field to field. Additionally, all adipocytes in all the sections were circled and the adipocyte area (mm 2 ) was measured. For the BAT images were photographed at 200x magnification and cell proliferation evaluated by the adipocyte nuclei count (3 sections/slide). Qualitative analysis of the BAT depot was also performed to assess the size of fat droplets in the adipocyte cytoplasm using the following criteria: smaller droplets (+), median droplets (++) and larger droplets (+++). Using a default template (0.5 cm) the areas of hepatic tissue were selected and photographed at a magnification 100x and images were used for qualitative analysis of the presence of infiltrated fat in the hepatocyte cytosol. For this analysis, at least 20 photos were assessed by a single observer. The magnitude of steatosis was evaluated by Brunt's classification (Brunt 2001) with modifications for rodent models. Briefly, steatosis was graded (0-3), as follows: 0, none to 5% of hepatocytes affected; 1, >5% to 30% affected; 2, >30% to 60% affected; and 3, >60% affected. The qualitative hepatic and BAT histopathology were statically analyzed by permutacional Monte Carlo test followed adjusted residuals test.
STATISTICAL ANALYSIS
The body weight, weight of the retroperitoneal fat depot, triglycerides, cholesterol and glucose were assessed for normality by Shapiro-Wilk test and homoscedasticity by the Levene test. The variables were compared by two-way ANOVA, maternal diet (CTL and CAF) and offspring diet (CTL F1 and CAF F1 ) as factors to evaluate the effects of isolated factors and their interaction (F values) on the metabolic state of offspring. The Tukey-HSD posthoc test used. Associations of biometric, metabolic plasma parameters and histological variables with maternal and offspring diet was made by Principal Components Analysis (PCA) (Hair et al. 2009 ). Univariate analyses were performed using the Prism 6.0 software (GraphPad Prism version 6.05 for Windows; GraphPad Software, La Jolla, CA, USA) and multivariate analyses were performed using the Paleontological statistics software package for education and data analysis (Past); (Hammer et al. 2001 ). Differences were considered as significant when p<0.05.
RESULTS
The body weight of offspring at 100 d of age was affected by the offspring diet (F 1.18 =61.11; p<0.0001), by the maternal diet (F 1.18 =5.86; p= 0.026), and by the interaction between the offspring and maternal exposures (F 1.18 =7.423; p= 0.014). Thus, adult F1 offspring in the CTL-CAF F1 and CAF-CAF F1 groups presented higher body weights than the animals of the CTL-CTL F1 and CAF-CTL F1 groups. Neither maternal nor offspring diets affected significantly the weight of BAT in adult offspring at 100 d of age. However, the weight of liver of offspring at 100 d of age was affected by offspring diet (F 1.19 =5.253; p=0.0335) and by interaction between the offspring and maternal exposures (F 1.19 =5.435; p=0.0309). The factor maternal diet did not affect this parameter (F 1.19 =0.03174; p=0.8605). Thus, the CAF diet consumption post weaning (CTL-CAF F1 ) result in increased liver weight in relation to CTL-CTL F1 . Retroperitoneal fat depot weight was influenced only by the offspring diet (F 1.18 =15.77; p= 0.0009). Thus, adult F1 offspring in CTL-CAF F1 group presented higher retroperitoneal content compared with of those of the CTL-CTL F1 .
The plasma levels of triglycerides, total cholesterol, and glucose were independently affected by offspring diet (F Table I . Thus, the concentration of triglycerides in plasma was significantly higher in CTL-CAF F1 , compared with others groups (p<0.05). In addition, at 100 d of age, the adult CTL-CAF F1 and CAF-CAF F1 groups displayed hypercholesterolaemia and hyperglycemia, compared with CTL-CTL F1 . Adult F1 offspring in the CTL-CAF F1 group presented lower numbers of adipocytes and larger individual adipocyte sizes, in the retroperitoneal fat depot, when compared with adipocyte of the CTL-CTL F1 rats (p<0.05). Both adipocyte numbers (F 1.17 =7.76; p=0.01; Figure 1e ) and adipocyte size (F 1.17 =6.59; p=0.02; Figure 1f ) were affected only by post weaning exposure to CAF diet. Neither maternal nor post weaning exposure to the CAF diet altered inflammatory processes in the retroperitoneal fat depot (data not shown). The histological analyses of BAT are shown in Figure  2a -e. Cell proliferation in BAT was analyzed quantitatively by counting nuclei, revealing no significant difference between groups. The number of nucleus count in BAT was not affected neither by maternal diet (F 1.0 =0.022; p=0.89) nor by interactions (F 1.18 =0.67; p=0.42) (Figure 2e ), but was affected by offspring diet (F 1.0 =5.71; p=0.03). Qualitative analysis demonstrated that only adult F1 offspring exposed to the CAF diet post weaning induced lipid accumulation in BAT. Thus, increased lipid droplet contend were found in BAT from adult F1 offspring of the CTL-CAF F1 and CAF-CAF F1 groups, compared with those of the CTL-CTL F1 and CAF-CTL F1 groups. Confirming the qualitative descriptive analysis, higher presence of lipid median droplets were found in BAT from adult F1 offspring of CTL-CAF F1 and CAF-= CAF F1 groups Data are mean ± standard error mean (SEM) showing comparison between the different groups. a comparison with group CTL-CTL F1 , control offspring born from dams that were fed on control diet; b CTL-CAF F1 , cafeteria offspring born from dams that were fed on control diet; c CAF-CTL F1 , control offspring born from dams that were fed on a cafeteria diet; d CAF-CAF F1 , cafeteria offspring born from dams that were fed on a cafeteria diet; p-values (p<0.05) by ANOVA followed by Post Hoc Tuckey´s test. The number of animals analyzed was 5-7 rats per group from five different litters. In all section were circled all adipocyte (field to field) and the area (mm2) was measured and the number of adipocytes also was counted for all cells (Figure f and e, respectively). Qualitative data are expressed as mean ± standard error mean (SEM) showing comparison between the different groups. Adipocyte is indicated by yellow arrows. a comparison with group CTL-CTL F1 , control offspring born from dams that were fed on control diet; b CTL-CAF F1 , cafeteria offspring born from dams that were fed on control diet; c CAF-CTL F1 , control offspring born from dams that were fed on a cafeteria diet; d CAF-CAF F1 , cafeteria offspring born from dams that were fed on a cafeteria diet; p-values (p<0.05) by ANOVA followed by Post Hoc Tuckey´s test. The number of animals analyzed was 5-7 rats per group from five different litters.
in relation than CTL-CTL F1 and CAF-CTL F1 groups. However, the degree of lipid accumulation was more evident in CAF-CAF F1 group in which also was observed larger droplets in BAT compared to other experimental groups (Table II) . However, the exposure of rats to the CAF diet, during the pre-or post-natal phases, resulted in fat deposition in the liver. Thus, in the CTL-CAF F1 , CAF-CTL F1 and CAF-CAF F1 groups lipid accumulation was found in the liver (Figure 3a-d) . According with Table II the CAF-CTL F1 group showed steatosis degree I and II, while CTL-CAF F1 and CAF-CAF F1 groups presented steatosis degree II and III in relation to other experimental groups. However, the degree of steatosis was more pronounced in adult F1 offspring of CAF-CAF F1 , which was the most affected group. Moreover, at 100 d of age the adult offspring F1 of CTL-CAF F1 , CAF-CTL F1 and CAF-CAF F1 groups also displayed inflammation in liver (data not shown). Finally, the associations of biometric, metabolic plasma parameters and histological variables with maternal and offspring diet was made by PCA. According Figure 4 , first principal component axis are represented offspring diet effects being negative score related to control diet while positive score are related to cafeteria diet. Thus, the CTL-CAF F1 group shows increase in body weight, adipocyte hypertrophy and higher deposition of fat in the liver, associated with high plasmatic levels of glucose; triglycerides and cholesterol. In contrast to CTL-CAF F1 , the CAF-CAF F1 group presented smaller body weight gain, WAT accumulation, plasmatic levels of glucose and triglycerides, although remained with higher lipid accumulation in BAT and liver.
DISCUSSION
An adequate nutritional environment, during pregnancy and lactation, is critical for optimal offspring development (Howie et al. 2009 , Couvreur et al. 2011 , Lee 2015 . As such, the current epidemics of MS and T2D in adulthood may result from maternal obesogenic diet during these critical phases of development (Smith and Ryckman 2015) . However, the mechanisms underpinning maternal obesity and how they interfere in the programming of obesity risk, in adult offspring, are not well defined (Akyol et al. 2012 , Mucellini et al. 2014 . Here, we evaluated whether post-weaning exposure to a CAF diet would result in the amplification of this phenotype in the adult F1 offspring of dams exposed to a life-time of CAF diet. In particular, the histological aspects of the WAT, BAT and liver tissues of these offspring were compared. Surprisingly, adult F1 offspring, derived from dams exposed to life-long CAF diet, including during pregnancy and lactation periods, did not present alterations in body weight, adipose tissue content, and parameter plasmatic evaluated. Our results are in agreement with those of other reports that have used an almost identical experimental design, and did not observe significant modifications in offspring (Akyol et al. 2012 , Mucellini et al. 2014 ), or only a marginal effect in the exacerbation of the obesity phenotype, in adult F1 offspring (King et al. 2014 ). However, our findings contrast with data from other studies showing that offspring derived Degree III
The degree of steatosis was graded (0-3), as follows: 0, none to 5% of hepatocytes affected; 1, >5% to 30% affected; 2, >30% to 60% affected; and 3, >60%. The size of fat droplets in the adipocyte cytoplasm was evaluated using the following criteria: small droplets (+), media droplets (++) and greater (+++). Data are expressed in percentage (%) showing comparison between the different groups. a comparison with group CTL-CTL F1 , control offspring born from dams that were fed on control diet; b CTL-CAF F1 , cafeteria offspring born from dams that were fed on control diet; c CAF-CTL F1 , control offspring born from dams that were fed on a cafeteria diet; d CAF-CAF F1 , cafeteria offspring born from dams that were fed on a cafeteria diet. Monte Carlo test followed adjusted residuals test; ANOVA followed by Post Hoc Tuckey´s test. p-value (p<0.05). The number of animals analyzed was 5-7 rats per group from five different litters.
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from dams submitted to maternal hypercaloric diets display obesity and metabolic abnormalities in adult life (Howie et al. 2009 , Desai et al. 2015 . These contradictories results would be resultant of differences in the duration, timing of a nutritional intervention and profile of nutrients in diet, resulting in particular type of mechanism of programming (van de Heijning et al. 2017) . In this sense, to evaluate the impact of CAF diet on maternal metabolism is important, once that, this state will determine the degree of metabolic programming on adult offspring. Using same CAF maternal diet in the present study, Mucellini et al. (2014) and Sagae et al.(2015) showed that the consume of CAF diet by female at long of life promotes rises in body weight associated with greater WAT accumulation; confirming the effectiveness of this diet to induce obesity in mothers. Moreover, Mucellini et al. (2014) also showed that maternal CAF diet does not alter glycemia or triglycerides levels, although induces hyperinsulinemia and the increase of total cholesterol in offspring in adult life. 
MATERNAL DIET LEADS TO MORPHOLOGICAL CHANGES IN OFFSPRING 2895
composition of the diet rather than maternal weight gain per se has an effect on offspring phenotype. It is well recognized that maternal diet exerts epigenetic effects, such as DNA methylation, determining which genes are expressed in offspring and how the metabolism of fetus adapt to environment at birth and in adulthood (Masuyama and Hiramatsu 2012, Dunford and Sangster 2017) . (Table II) . Lipid droplets are indicated by yellow arrows. The number of animals analyzed was 5-7 rats per group from five different litters. Therefore, it is important to keep in mind that the degree of mismatch between the pre-and postnatal environments may be crucial to metabolic programming. Thus, the initial adaptive physiological changes in fetal and pre-natal periods, necessary to guarantee survival, may be maladaptive in later life (Fernandez-Twinn and Ozanne 2006, Gluckman et al. 2008) . Nevertheless, our findings show that, independently of maternal diet, postweaning exposure to the CAF diet promotes obesity, hyperglycemia, and dyslipidemia in adult F1 offspring. Mucellini et al. (2014) , using the same experimental design that we used, including the same CAF diet, analyzed the offspring immediately after weaning (21 days of age) and no found difference in the body weight of animals whose mothers were fed with CAF diet or standard diet; an effect also observed at 30 days of age. However, at 30 days of age, offspring fed with CAF diet showed higher visceral fat, without maternal diet influence. In rats, intense adipogenesis occurs during the last week of pregnancy and also during lactation; showing that these periods are particularly sensitive to the developmental programming of adiposity (Lukaszewski et al. 2013 ). The expansion of WAT is morphologically characterized by increases in the sizes of individual adipose cells (hypertrophy) or augmented adipocyte numbers (hyperplasia) (Cinti 2012 , Bezpalko et al. 2015 . Any imbalance in this mechanism favors chronic inflammatory processes in this tissue, which are the hallmark of obesity and metabolic disorders (Rosen and Spiegelman 2006) . Interestingly, we found the worst morphological profile in the WAT of adult F1 offspring exposed to the CAF diet just during post weaning; these alterations were characterized by adipocyte hypertrophy and a reduction in adipocyte numbers. Furthermore, the combined effect of maternal CAF diet with the post-weaning CAF diet (CAF-CAF F1 group) prevented morphological changes in the WAT, thus in this group the size and the number of adipocytes were similar to that of the CTL-CTL F1 group. These results show that maternal CAF diet did not exacerbate the obesity phenotype induced by exposure to the CAF diet during post weaning. In fact, the maternal obesogenic diet appears to protect the WAT in adult F1 offspring. The reduction in body weight and in WAT depot and histological aspects of this tissue in CAF-CAF F1 rats may be due to improvement in glucose and triglycerides. Similarly, offspring of high fatfed mothers are adaptively more suited to a postnatal high fat diet (Howie et al 2009) . The protective effect of maternal overnutrition on adult F1 offspring also has been previously reported (Fernandez-Twinn and Ozanne 2006, FerezouViala et al. 2007 ) and, as suggested by Gluckman et al. (2008) these events involve predictive adaptive response mechanisms (Gluckman et al. 2008) . Similarly, Couvreur et al. (2011) showed that the degree of obesity in offspring born to obese dams was not exacerbated by exposure at diet highly palatability post-weaning. In according with these authors, this protective effect of maternal obesogenic diet on offspring alters hypothalamic leptin signaling, programming the metabolism of adult offspring to minimize the degree of dietinduced obesity (Couvreur et al. 2011 ). However, as described below, the impact of early life exposure to maternal CAF diet on morphological tissue aspects, in adult F1 offspring, appears be tissuespecific. The development of BAT starts during pregnancy, with intense recruitment occurring during the lactation and post-weaning phases (Giralt et al. 1990 , Ferezou-Viala et al. 2007 ). Thus, nutritional insults during these critical periods can reduce thermogenic activity in the BAT, thereby suppressing energy expenditure and, ultimately, promoting obesity in adulthood (Cannon and Nedergaard 2004) . BAT adipocytes contain numerous smaller lipid vesicles, dispersed throughout the cytosol, giving a multilocular morphological aspect to this depot (Cinti 2012).
The profile of lipid droplets in the cytosol of BAT adipocytes reflects the degree of thermogenic activity and, indirectly, represents increased sympathetic flux driven to the tissue (Tupone et al. 2014) . Maternal overnutrition induces functional and morphologic changes in the BAT of adult offspring, leading to fat deposition, inflammation, and alterations in the activity of sympathetic nerves (Lukaszewski et al. 2013) . However, our results show that the maternal exposure to CAF diet did not affect morphologic aspects in the BAT of adult F1 offspring that consumed a normal diet at post weaning. These results contrast with those obtained by others, where maternal CAF diet was found to promote significant alterations in BAT in adult offspring that were not reversed by the exposure to a normal post-weaning diet (Barbato et al. 2015 , Dinh et al. 2015 . As expected, we observed that post-weaning exposure to a CAF diet induces lipid overload in the BAT of adult F1 offspring, an effect that is independent of the maternal diet profile. Thus, in contrast to observations in the WAT depot, the maternal CAF diet did not protect adult offspring that were also exposed to a life-long CAF diet. In a recent review, BAT was reported to be vulnerable to nutritional insults, especially those occurring during the pre-and post-natal periods of life (Bayol et al. 2007 , Barbato et al. 2015 . Considering that WAT and BAT depots have different embryological origins, and employ different pathways of proliferation and differentiation during pregnancy and lactation, it is probable that the windows of vulnerability to nutritional insults are depotspecific, resulting in different morphological adjustments when animals are fed on a CAF diet, later on in life. Taken together, we can draw two important conclusions from these results. Firstly, the maternal CAF diet alone, does not alter blood plasmatic parameters (glucose, triglycerides and cholesterol), WAT content, as well as, no modified histological aspects of the WAT and BAT in adult offspring, at 100 d of age, suggesting that solely maternal CAF diet, does not programming these tissues. Secondly, while the exposure to maternal CAF diet, associated with post-weaning CAF exposure, protects WAT in adult F1 offspring, CAF diet exposure during the post-weaning period has a deleterious effect on the BAT, independently of the maternal diet. Considering that, at 100 d of age, the rats are young adults; it is possible that the deleterious effects of programming in these tissues may occur at a more advanced age. This hypothesis is supported reports that the effects of maternal programs are found in adult offspring at 140-155d of age (Shankar et al. 2008 , Howie et al. 2009 ). In addition, the impact of maternal diet on adult offspring is sex dependent, as females appear to be more sensitive to the effect of maternal diet programming, when compared with males (Onyekwere et al. 2015) .
In contrast to the observations in WAT and BAT, maternal exposure alone to a CAF diet exerts programming effects on the liver in adult F1 offspring, at 100 d of age. The abnormal lipid deposition in hepatocytes results in hepatic steatosis, a pathological state related to liver abnormalities, such as the nonalcoholic fatty liver disease (NAFLD). NAFLD is the most common chronic liver disease present in obese subjects, and is closely associated with manifestations of MS (Linnemann et al. 2014 , Calvo et al. 2015 . Although hepatic steatosis is a key histological feature in this process, variations in morphological aspects have been observed; thus hepatocellular steatosis is usually classified as either macrovesicular or microvesicular (Kleiner et al. 2005) . Our data confirm the impact of the maternal CAF diet on the liver programming effect in adult F1 offspring, as previously demonstrated by others (Bouane et al. 2010 , Podrini et al. 2013 Kleiner et al. 2005 , Bringhenti et al. 2015 . The maternal obesogenic diet can induce lipid deposition in the fetal liver before birth, a crucial event in metabolic disease during adult life (Ingvorsen et al. 2015) . Recently, using an identical experimental design to that of our study, a programming effect of maternal high fat diet was demonstrated on the liver of adult offspring (Ito et al. 2016) ; in this study, the plasma metabolic parameters, body weight, and WAT content were not programmed by maternal obesogenic diet, corroborating our findings. Interestingly, according to histological analysis in our study, the consumption of CAF diet pre (CAF-CTL F1 ) and pos-weaning (CTL-CAF F1 ) alone results in higher lipid infiltration in liver. However, this effect is markedly exaggerated when the dams and offspring (CAF-CAF F1 ) have been exposed to CAF diet throughout life. As previously demonstrated by Bruce et al. (2009) and Pruis et al. (2014) , the higher hepatic lipid accumulation in offspring could be attributed to up-regulation of de novo fatty acid synthesis, failure to up-regulate mitochondrial beta oxidation and fatty acid export. Animal models indicate that programmed effects, in particular hepatic steatosis, are highly irreversible after weaning. For example, long-term consumption of a normal chow diet after weaning may not be effective in normalizing offspring susceptibility to NAFLD induced by maternal high fat diet . In contrast, Bringhenti et al. (2011) reported that introducing fish oil to a post weaning diet can reverse maternal low protein diet induced hepatic steatosis in offspring. It probable that epigenetic events induced by maternal overnutrition leads to altered DNA methylation pattern of the offspring during their development and influencing their later health (Pruis et al. 2014) .
Finally, in our study, we used a method denominated Principal Component Analysis (PCA), a classical multivariate exploratory tool that highlights common variation between variables, allowing conclusions to be made about the possible biological meaning of associations between them, without pre-establishing cause-effect relationships (Figure 4 ). In conclusion, the post-weaning exposure to the CAF diet alone (CTL-CAF F1 ), induces evident characteristics of MS in adult F1 offspring, such as an increase in body weight and weight of liver and WAT; associated with adipocyte hypertrophy in WAT and deposition of fat in the liver and BAT, which probably contributes to hyperglycemia and dyslipidemia. Interestingly, the pre and post weaning CAF diet exposure throughout of life protects offspring from the deleterious effects provoked by exposure to CAF diet alone post weaning. Thus, adult F1 offspring, in the CAF-CAF F1 group (representing the combined effect of maternal obesogenic CAF and post weaning CAF diet) are less predisposed to body weight gain and to WAT accumulation, improved glycemia and triglyceride levels, in relation to exposure alone to the CAF diet during the post-weaning phase. This protector effect of maternal CAF diet did not was observed in BAT and liver, suggesting that the impact of the maternal obesogenic diet on male offspring adult rats is tissuespecific. Our study emphasizes the importance of the diet throughout the mother´s life for establishing tissue-specific effects in the offspring in response to an obesogenic diet in adulthood.
